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PRESENCE OF VIRAL ANTIGEN IN INCLUSION BODIES FORMED IN EHRUCH
ASCITES TUMOR CELLS INFECTED WITH NEWCASTLE DISEASE VIRUSt
Prince and Ginsberg,1 using the fluorescent antibody technique of Coons
to study the interaction between Newcastle disease virus and Ehrlich
ascites tumor (EAT) cells, showed that following in vitro infection and
subsequent incubation in vivo there occurred hyperplasia of the EAT cells
and a concomitant increase in viral antigen within the cytoplasm of the
infected cells. They were able to show that there was no increase in the
hemagglutination titer, infectivity titer, or in complement fixing activity.
These latter findings suggested that the cytoplasmic antigen which developed
within the cells following infection might represent incomplete virus of
extreme functional simplicity.
Morphological studies undertaken by Adams and Prince' revealed no
evidence of particles resembling Newcastle disease virus (NDV), a finding
that was interpreted as supporting the hypothesis that the newly synthesized
viral antigen had a morphological simplicity paralleling its functional sim-
plicity. This morphological study demonstrated that, in association with
the infection, the EAT cells developed cytoplasmic inclusions which were
visible in the phase contrast microscope and with the electron microscope.
Although it appeared likely that at least some of the cytoplasmic inclusions
were related to the process of infection it was not at all clear whether
they were related morphologically to the specific viral antigen that had
previously been demonstrated in the cytoplasm of the infected cells by the
fluorescent antibody technique.
To better understand what role was played by the inclusion in the pro-
cess ofinfection, it seemed of some importance to carry out further immuno-
histochemical studies designed to prove conclusively whether or not the
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234ligs. 1-8. Prcsenlcc of viral (intien in inchsi'on lbod'is formicd in E1hrlich Ascitcs
thonoior cc/I inifected with ewcastlc Discesc virnts.
FIGs. 1 an1d 2. Phase conitrast appearance of Fhrlich Ascites tumor cells approximately
12 hours after infectioni. The cell in Figure 1 is still initact andl several well developed
inclusionis can be seen in the cytoplasm just to the right of the nucleus. Figure 2 shows
a cell whiich is undergoinig disintegrationi with liberation of iniclusionis inito the sur-
roundinig medium. Several large inclusionis can he seen at the lower left border of the
cell anid a few smaller inclusioins are present within the cytolplasm. Lipide droplets are
visible as highly refractile objects anl niitochonidria can be seen as tiny dark rods
and dots. 1800 x.
Fijs. 3-8. Paired phlasc-conitrast (and flitorcscecie photomicrograplis of idenitical fields
of inifected EAT71 cells containing iuiclntsionis, stained zith flinorcscent anti-NDVI)I rablbit
glolliui. All phiotogralplhs 800 .r.
FIG. 3. Phase-contrast photograph of EAT cell conitainiing a large inlclusioIn (or
cluster of inclusionis) at 5 o'clock anid three or four smaller inclusionis from 6 to 9
o'clock.
FIG. 4. Photomicrograph of the same cell denloistratillg localization of fluorescence
in the cytoplasmic inclusioins noted in Figure 3. Little if any diffuse cytoplasmic fluores-
cence is seen in this cell.FI;. 5. An inclusioni can be seen in the center cell anid in the cell just above center.
In aIddition clusters of inclusionis can be seen in the txvo cells at thle left.
Fi(,. 6. Illustrating correlationi of discrete fluorescenice wxith the iC'usions del)icted ill
Figure 7. In addlitioni the cell at the extremiie upper right and(l the onie just to the left of
ceniter illustrate finely granular anid dliffuse cytoplasmic fluorescenice hllich is not
correlated wvith anly definiite morplhological object in the comllpanion l)hase contrast
photonmicrograplh.
FIG. 7. Phase-contrast photomicrograph of a cell show1ving a relatively large iniclusioni
(center) having an uinusuial distribution of fluorescenice. Such l)eril)heral (listributioIn
(see Figure 8) was note(d in a small percentage of cells.
FIG. 8. Photomicrograph of tlle distributioni of fluor-escence in the inc'usion illus-
trated in Figure 7. It can be seeni that intenisificationi of the fluorescence appears as a
bright halo, the outer (liamiieter of wxhich is approximlately e(qual to the outer diameter
of the inclusion, suggesting that the distributioni of antigeni is actually within the outer
layers of the inclusioni itself ratlher than in the cytoplasm surrounding it. The cell at
lower left displays a smiiall amounit of finely granular fluorescelnce not correlated w-ith
definite inclusionis in the phase-contrast photomicrograph. The cell in the center con-
tains in addition to the large inclusioni discussed above a smiialler inclusioni adjacent to
the nucleus and situated at approximately 11 :00 o'clock.Viral antigen in tumor cells after infection WERTZP ADAMS
newly synthesized cytoplasmic viral antigen was morphologically associated
with the laminated shell or the central granular core of the inclusion.
It is the purpose of the present report to present immunohistochemical
evidence of a morphological relationship between the intracytoplasmic
inclusions and the newly synthesized viral antigen demonstrable in the
cytoplasm of EAT cells infected with Newcastle disease virus.
MATERIALS AND METHODS
Virus and cell strains
In all the experiments described in RESULTS the Hickman strain (our
designation E106 B3) of NDV was used. In order to rule out possible
virus strain specific differences pilot experiments were carried out utilizing
a heat stable NDV mutant, strain C, described by Granoff' and obtained
from him. These experiments indicated no significant differences between
the two strains. The EAT cells were from a previously described' near
tetraploid subline carried in our laboratory since 1955. The methods of
propagating and storing virus stocks and cells were those previously
described.'
Concentrated NDV stock was prepared as follows. Allantoic fluid
containing virus was clarified by centrifugation (5,000 r.p.m. for 15
minutes) and the virus was then sedimented at 26,000 g for 30 minutes
in a Spinco Model L ultracentrifuge. The pellet was resuspended in Eagle's
Medium supplemented with fetal calf serum in a volume calculated to
concentrate the virus 102 fold. The hemagglutination titer was 1: 50,000,
and the chick embryo plaque infectivity titer was 3.5 x 1011 plaque forming
units (pfu) per ml.
Preparation of virus-cell mixtures
In all experiments, 6.6 x 108 EAT cells were sedimented at 3-60C.,
resuspended in cold modified glucosol4 solution to a final volume of 9 ml.,
and mixed with 1 ml. of the concentrated NDV stock. The resulting input
multiplicity was calculated to be approximately 500 pfu/cell. After thorough
agitation, the virus-cell mixtures were held at 4°C. for 15 minutes and
then transferred to the peritoneal cavities of mice (2 ml. per mouse). After
12 hours of incubation, the infected cells were removed by lavage with
phosphate buffered saline (PBS), sedimented by low speed centrifugation,
and resuspended in nine volumes of PBS, giving a final cell concentration
of 10per cent byvolume.
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Preparation and staining of infected cells
The 10 per cent cell suspension was smeared across several glass slides
and allowed to dry in air. It was found that such unfixed air-dried smears
would keep well for a matter of weeks in the cold. A blocking control of un-
conjugated anti-NDV rabbit globulin was routinely placed over a portion
of the smear. The smear was then allowed to stand in a moist chamber
for 10 minutes followed by three five-minute changes in PBS in a Coplin
jar. The entire smear was then treated with anti-NDV rabbit globulin which
had been conjugated with the optically active isomer of fluorescein iso-
thiocyanate in a ratio of 1 :50 (fluorescein: globulin). After ten minutes
at room temperature in a moist chamber, the stained smears were washed
three times in PBS for five minutes each. Cover slips were placed over
the wet preparations, which were then sealed with a mixture of equal
parts vaseline and paraffin, and examined under phase contrast and fluores-
cence microscopes.
Phase-contrast and fluorescence microscopy
An American Optical company standard laboratory model phase-contrast
microscope with tungsten illumination was utilized. Phase-contrast photo-
micrographs were made with a Leica-Micro Ibso combination on Panatomic
X 35 mm. film (Eastman Kodak Co., Rochester, N.Y.) at a negative
magnification of 317 and enlarged photographically to the values indicated
in the Figure captions. The fluorescence equipment consisted of an Osram
HBO-200 source (Merc-Arc illuminator, News Clarke Co., Silver Springs,
Md.) with output filtered by a Calflex heat absorbing filter (Photovolt,
Inc., New York, N.Y.) and a Corning #5970 filter 2.5 mm. thick, and a
Bausch and Lomb microscope (model BB276) fitted with a B&L para-
baloid dark field condenser and a series IV Wratten G ultraviolet exclud-
ing eyepiece filter (Eastman Kodak Co., Rochester, N.Y.).
RESULTS
Diffuse granular and perinuclear specific fluorescent staining was
observed in a manner similar to that which Prince and Ginsberg had
described.1 In addition, discrete cytoplasmic fluorescent objects were present.
These objects corresponded directly to inclusion bodies visible with the
phase contrast microscope. Although drying tended to distort the cells
and the inclusion bodies somewhat, identification of the inclusions was
usually not difficult.
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The phase contrast appearance of EAT cells which have been infected
with NDV has been described previously.! Fresh wet preparations of two
such cells are illustrated in Figures 1 and 2 for comparison with the
stained preparations, shown at lower magnification in Figures 3, 5 and 7,
in order to demonstrate the morphological artifacts introduced by the stain-
ing procedure. Figures 3 through 8 are paired phase-fluorescence photo-
micrographs of identical fields photographed first under the fluorescence
microscope and immediately thereafter under phase contrast. It can be
seen that the staining procedure causes definite deterioration of
morphology. Nevertheless, phase contrast identification of the inclusions
was made easy by the facts that (a) they were usually disposed circumferen-
tially around the nucleus, (b) they were in most cases darker than other
cytoplasmic components (except the much smaller mitochondria), (c) their
texture was uniform and nongranular, (d) their size range was 1-4 microns
in major dimension, and (e) their shape was usually an irregular ellipse,
occasionally with minor projections. In about 30 per cent of the fluorescent
cells positive correlation of the fluorescent cytoplasmic material with in-
clusions identifiable with phase contrast could be made. In addition to this
correlation there was also present in most of the cells a moderate amount
of diffuse and finely granular cytoplasmic fluorescence not positively cor-
related with any discrete objects visible under phase contrast. A fraction
(5-20 per cent) of positively identifiable fluorescent inclusion bodies ex-
hibited the phenomenon illustrated by the cell depicted in Figures 7 and
8, center. This consisted of a bright halo of fluorescence corresponding to the
periphery of the inclusion body.
No definite nuclear staining was ever observed. Although some faint
fluorescent staining over the nuclei is seen in some of the fluorescent photo-
graphs most of this can be attributed to superimposition of cytoplasmic
material. Although it is sometimes difficult to make this distinction in the
photomicrographs, such confusion was not encountered in microscopic
examination of the actual material since differential focusing enabled one to
clearly distinguish between nuclear and cytoplasmic components.
DISCUSSION
In a previous morphological study of the infection of EAT cells with
NDV' it was demonstrated that within six to 14 hours following infection
cytoplasmic inclusion bodies appeared in the infected cells. These were easily
visible in fresh wet preparations as viewed with the phase microscope,
and were seen to have a complex morphology when examined with the
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electron microscope. It had been previously demonstrated by Prince and
Ginsberge that specific viral antigen appeared in the cytoplasm of such
infected cells at roughly the same time interval, perhaps somewhat earlier.
The strong implication linking these two studies naturally involved the
hypothesis that the immunohistochemically demonstrable, newly formed
viral antigen within the cytoplasm of the infected cells was closely asso-
ciated with (perhaps identical to) the newly formed morphological entity,
the cytoplasmic inclusion. We believe that the correlative study here de-
scribed offers proof of this identity, at least in a major fraction of the
inclusions. It seems clear that the cytoplasmic inclusions represent, under
our experimental conditions, a "specific" response to the EAT cells
to infection with NDV in the sense that a significant proportion of the
inclusions contain NDV antigenic material as demonstrated by ability to
specifically bind fluorescent anti-NDV globulin.
Two unanswered questions of a quantitative nature emerge from this
study. First, are all or only some of the cytoplasmic inclusions associated
with viral antigen? Second, is the newly formed cytoplasmic viral antigen
always associated with a visible cytoplasmic inclusion, or is some present
in the cytoplasm not associated with morphologically identifiable inclusions?
Concerning the first question an accurate statement is rendered difficult
by the fact that in a correlative study such as the present requiring obser-
vation of dried stained preparations under phase contrast there is un-
doubtedly sufficient alteration in morphology to render a significant
number of inclusions difficult or impossible to identify by phase contrast.
The only statement that can be made is that within the statistical limits
of our observations virtually every inclusion independently identifiable
under phase contrast according to the above mentioned criteria also
exhibited fluorescence.
In considering the second question, it is evident from examination of
Figures 3 through 8 that a significant amount of finely granular and
diffuse cytoplasmic staining not correlated with identifiable inclusions
demonstrable under phase contrast was present. Three possible inter-
pretations of this finding would be (a) that this material is an artifact
resulting from mechanical disruption of inclusions during the preparative
process, (b) that the material represents true extra-inclusion cytoplasmic
viral antigen, and (c) that the material simply represents a number of
smaller developing inclusions which are as yet too small to be definitely
identified in the phase contrast microscope. Arguing from data obtained in
our previous study' we believe that, although the first possibility cannot
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be entirely ruled out, it seems unlikely that it is of sufficient magnitude
to entirely explain the phenomenon. The second possibility also seems
unlikely in view of the previous electron microscope study, but again it
cannot be ruled out entirely on the basis of present evidence. In contrast
to the first two possibilities the third suggestion above would seem to
afford the most likely explanation for the phenomenon under discussion
since it has been demonstrated that the cytoplasmic inclusions begin as
small cytoplasmic objects which, in their early stages, are too small for
positive identification in the phase contrast microscope.'
The electron microscopic appearance of the cytoplasmic inclusions has
been described.' They were seen to be composed of a multilaminated shell
surrounding an inner core packed with dense particles measuring 3 to 14
millimicrons in diameter. The morphology of these inclusions and their
demonstrated close association with the smooth surfaced reticulum of
the cell gave rise to the hypothesis that the laminated shell was of
cytoplasmic origin, perhaps a proliferation of the Golgi apparatus. On the
assumption that the newly synthesized viral antigen was in some way
morphologically associated with the cytoplasmic inclusion it was then
speculatively proposed that the granular material within the core of the
inclusion might be identical with, or at least related to, the newly formed
viral antigen. Until the present there has been little evidence relating to
this suggestion. We believe that the phenomenon of fluorescence seen at
the periphery of the inclusion depicted in Figures 7 and 8 provides evidence
suggesting association of antigen with the laminated shell of the in-
clusion. This phenomenon, which was observed in a sufficient number of
favorably oriented inclusions to convince us that it was not an artifact,
might be interpreted to suggest that the newly synthesized viral antigen is
synthesized and/or stored within the laminated membrane system which
comprises the shell of the inclusion. It must be emphasized that the data
are only suggestive and hardly sufficient to discard the still attractive
hypothesis that some antigenic material resides in the granular core.
Further speculation at this stage is premature, but it might be anticipated
that the question could be profitably approached using the newer techniques
combining ultra-morphology with immunochemistry.
SUMMARY
The inclusion bodies which form in the Ehrlich Ascites tumor cell
following infection with Newcastle Disease virus were studied by means of
the direct fluorescent antibody technique to determine the presence or
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absence of viral antigen within. It was demonstrated that they contained
material which specifically bound anti-NDV rabbit globulin conjugation
to fluorescein isothiocyanate. In some cases there appeared to be an
increased concentration of antigen at the periphery of the inclusion body.
Possible interpretations of the latter finding are discussed. Cytoplasmic
staining not associated with identifiable inclusions was also observed, indi-
cating that specific intracytoplasmic viral antigen may not be limited to
the inclusions.
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